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(54) TlUe: METHOD FOR ENHANCED RECOVERY OF COAL BED METHANE 
(57) Abstract 

A method is disclojed for increasmg the methane recovery nie through a wellbore which penetrates a coal seam. The invention 
uulizes the caviuiion of the coal seam surroundmg the weflbore after a substantial percentage of the original methane-in-place which is 
available for recovery from the weUbote has been recovered from the coal seam. 
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METHOD FOR EKHAICED RECOVERY OF COAL BED METOANE 

5 

RRnOF-mP tMVgNTIQN 

The present invention relates to methods for increasing the methane 
recovery rate from a coal seam. More specifically, the present invention rslales to 
1 0 methods which utiize the stimulation of a ooal seam from which a sutttantial 
percentage of the original methane-in-plaoe available to the weUbore has been 
reooversd. 

BACKQRQUND OF THE INYEhmQN 
1 5 Coal seams contain significant quantities of natural gas. This natural gas is 

composed primarily of methane. The rate of recovery of methane from coat 
seams typically depends on the rate at which gas can flow through the ooal seam 
to a production well. The gas flow rate through a coal seam is affected by many 
factors including the matrix porosity of the ooal, the permeability of the coal seam. 
2 0 the extent of the fracture system which exists within the ooal seam, and the stress 
within the coat seam. 

An unstimulated ooal aeam has a natural system of fractures, the smaller 
and most common ones being referred to as "cleats" or collectively as a "cleat 
system*. To reach a weltbore, the methane must desorb from a sorption site on or 

2 5 within the coal matrix and cSffuse to the cleat system. The methane travels along 

the deat system and other fractures presem wfthin the coal seam to the wellbore 
where it is reooversd. 

Typically, the natural eystem of fractures within a coal seam does not 
provide for an acceptable methane recovery rate. In general, coal seams must t)e 

3 0 stimulated to enhance the recovery of methane from the seams. Typically, the 

stimulation is completed prior to placing a production well on-line to a gas 
gathering system. 

Various techniques have t>een developed to stimulate coal seams. One 
example of a technique for stimulating the production of methane from a coal 
3 5 seam is to complete the production wellbore with an open*hole cavity. In this 
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techniqiM, t wgflbore is cMlied to a location above the ooal aeam to be stimulated. 
The weitbore is cased and the casing is cemented in place using a conventional 
drilling rig. A modified drilling rig is then used to drill an *open-hole* interval 
within the ooal seam. An open-hole Interval is an interval within the ooal seam 
5 which has no casing sat. 

The open-hole interval can t>e completed by various methods. One 
method utilizes injection/blowdown cycles to create a cavity within the open-hole 
interval. In this method, air is injected into the opar>-hole interval and then 
released rapidly through a surface valve. Once a suitable cavity has been 
1 0 created* the modified drfKng rig is removed from the wea)ore and the production 
well is put into service. A metal iner. which has holes, may be plaoed in the 
open-hole interval if destrad. The coal seam will be dewatered if necessary to 
improve the desorption of methane from the ooal seam. 

Qenerally, once a coal seam has been dewatered and a sufficient methane 

1 5 recovery rate is maintained from the production well, very littie is done to the 

production wells or the coal seam other than to perform routine and preventative 
maintenance on the production equipment 

As used herein, the following terms shall have the following meanings: 

(a) *coal seams' are carbonaceous formation which typically 

2 0 contain between 50 and 100 percent organic material by weight; 

(b) ^cleats' or *cleat system* is the natural system of fractures 
within a ooal seam; 

(c) "formation parting pressure' and 'parting pressure' mean 
the pressure needed to open a coal seam and propagate an induced fracture 

2 S through the ooal seam; 

(d) 'resenroir pressure* means the pressure of a ooal seam near 
a weH during shut-in of that well; 

(e) 'recovery* means a controlled collection and/or disposition 
of a gas. such as storing the gas in a tank or distritxiting the gas through a 

30 pipeline. "Recovering' specifically excludes venting the gas into the 
atmosphere; 

(f) 'sorption' refers to a process by which a gas is held by a 
carbonaceous material, such as coal, which contains micropores. The gas 
typically is held on the coal in a condensed or liquid-like phase within the 

3 5 micropores, or the gas may be chemically bound to the coal; 
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(g) •original methant-ln-ptace* mtans the quantity of methane 
wrbed to the carbonaceous material of the ooal seam available to be drained by 
a wellbore penetrating the seam. The original methane^n^lace is measured 
prior to the initial recovery of nr\ethane from the coal seam; and 
5 (h) *pore pressure cracking* is shear failure which is induced in 

weai( formation, such as coal seams, by rapidly changing the pressure which is 
prasent within the micropores and the macropores of the carbonaceous matrix of 
the coal seam. Such failure will usually be accompanied by an incraase in 
permeabittty of the coal seam. 

10 

SUMMARY OF THP tMVFMTmM 

It has been surprisingly discovered that the recovery rate of nnethane from a 
coal seam can be greatly increased by stimulating the coal seam after recovering 
a substantial percentage of the original methane*in-piace. The substantial 

1 5 percentage of methane can be recovered by standard pressure depletion 
techniques or by injecting desort>ing fluids such as nitrogen, air, carbon dioxide, 
or fiue gas into the coat seam to desort methane from the coal seam and cause it 
to move toward a production well where it can be recovered. Methods which 
utilize injected desorbing fluids to anhance the recovery of methane from a coal 

20 seam are sometimes hereinafter referred to as 'enhanced coalbed methane 
recovery techniques." In the preferred embodiment of the invention, cavitation of 
the ooal seam surrourxling a production wellbore is carried out after a substantial 
percentage of the original methane-in*place availat>ie to the production wellbore 
has been removed from the ooal seam. 

25 It is t>elieved that the removal of a substantial percentage of the original 

methanenn-place will allow tensile and shear failure to be more readily created 
within the coal seam. The additional failure which is created within the coal seam 
wilt increase the permaability of the coal seam and increase the methane 
recovery racte from the coal aeam. In tests performed In the field, on production 

30 wells which were already producing methane at very high rates, it was 
surprisingly discovered that it is possible to recavitate a wellbore that was 
originally completed using an open-hole cavity technique, and that the 
recavitation was capable of providing an incn»ased methane recovery rate of 
more than three tintes the pre^recavitation methane recovery rate. 

35 
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BRIgP DPSCRfPTIQM QPTHP nWAWmpj^ 

FIG. 1 is a graphical raprtsantoton of the strassas asaodatad with tha 
failura o( coal. 

FIG. 2 is a graphical rapraaantation of tha atrasaas assodaiad with tha 
5 failura of coal and tha affact that cartoon dioiida has on tha failura of tha coal. 

FIG. 3 is a graph of the average daily total gas recovery rate from a 
wellbore which penetrates a ooal seam which has been racavitated using the 
current invention. 

FIG. 4 is a graph of the average daily total gas recovery rate from another 
1 0 weUbore which penetrates a coal seam which has been racavitated using tha 

cun-ent invention. 

FIG. 5 is a graph of the average daily total gas recovery rate from a thinj 
wetttMre which penetrates a coat aaam which has bean racavitated using the 

current invention. 

1 5 FIG. 6 is a graph of the average daily total gas recovery rate from a fourth 

weUbore which penetrates a ooal seam which has bean racavitated using the 
current invention. 

FIG. 7 is a graph of the average daily total gas recovery rate from a fifth 
weUbore which penetrates a coal aaam which has bean recavitatad using the 
20 current invention. 

FIG. 8 is a graph of the average daily total gas recovery rate from a sixth 
wellbore which penetrates a coal aaam which has bean recavitatad using the 
current invention. 

FIG. 9 is a graph of the average daily total gas recovery rate from a seventh 
25 wellbore which penetrates a coal seam which has been recavitatad using the 
current invention. 

pgscRiFnnN nPTHP PManniMPi^ 
it has been surprisingly discovered that the methane recovery rate from a 
30 production well which Is in fluid communication with a coal seam can be greatly 
increased by cavitating the ooal aaam surrounding the waUbora after raoovaring a 
substantial percentage of the original methane-tn-place from the coal seam. 
Preferably, from 2 to 70 percent of the ohginal methane-in-place available to the 
wellbore should be desorbed and recovered from the coal seam prior to 
3 5 cavitation: mors preferably, from 7 to 50 percent of the original methane-in-place: 
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most prvferably. from 15 to 30 peroom of tho original mothano-in«placo. It has 
been furthor surprisingly (fisoovered that tho msthod is eapabit of grtatly 
inersasing tha mathana reeovary rata from production walls that hava baan 
oomptatad with opan-hda cavitatton tachniquas and that ara airaady producing at 
5 a rata of graatar than 28 thousand cubic matars of mathana par day. Opan-hola 
cavity complatlon walls which ara producing graatar than 28 thousand cubic 
matars of mathane par day ara considarad vary good wails which in tha past 
would not ba candidatas for additional stimutation. 

Whiia it is not known why ramovtng a substantial paroantaga of tha original 

1 0 mathana-in-piaca availabla to a wallbora prior to eavitating tha coal aaam 
surrounding tha wallbora incraasas tha mathana racovary rata so dramatically, it 
is baliavad that It is at laast in part a rasuH of tha matrix shrinlcage which results 
whan mathana is dasortad from tha matrix. It is baliavad that matrix shrinloga 
will fadiitata pors prassura craddng within tha coal saam during tha practioa of 

1 5 tha invantion. Sinca coal saams ara typically vary hataroganaous. tha shrinicaga 
which occurs within tha coal saam may ba vary unavan. Tha unavan shrinkage 
can axacarbata tha cracking within the coai seam. This cracking can increase the 
permeabifity of tha coal seam and may fadiitata the creation of shear and tensile 
failure within the coai saam during cavitation. 

20 Additionally, as mathane is removed from the coal saam. the material 

properties of the coal, such as cohesion strength, may change, ft is t>eleved that 
the cohesion strength of the coal is reduced as mathane is removed from the 
matrix. Furthermore, other volatiles. such as ethane and propane, together with 
water, are typically removed from the coal together with the methane. It is 

25 t>elieved that the removal of these compounds from the coal also tertds to reduce 
the cohesion strength of the coai which in turn makes the coai more friable. This 
reduction in oohaston strength of the coal will fadttate tha creation of tensile and 
shear failure within the coal seam during cavitation of the coal aaam aurrounding 
the wellt>ore. As dtecussed eariier. ter>sile failure and shear failure craataci within 

30 a coal seam will increase the methane recovery rate from the well. 

While this invention is susceptible of enibodiment in many dmerent forms, 
there wil herein be described in detail, apedfic embodiments of the invention. It 
shouM be understood, however, that the present disdosure is to be consMered 
an axemplficatson of the prindples of the invention and is not intended to Bmit the 

3 5 invention to the spedfic embodiments illustrated. 
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6 



W^movfll of Mothane Pmrn th« r^al RAom 

Coal Mams ara comphsad of cart>onacaous maianal which includos a 
matrix having an axtanshra system of micropores, and a system of fractures, which 
5 penetrate the mittrix. commonly referred to as *cleats * The majority of the 
methane contained in a typical coal seam is sorbed within the micropores of the 
coal. To remove the methane from the coal seam, several methods may be 
utilized. 

One method useful for removing methane from a ooat seam uUKzas prtmary 
1 0 depletion to recover methane from the seam. In tMs method, as the reaarvoir 
pressurt of the coal seam is lowered, the partial pressure d methane within the 
cleats decreases. This causes methane to desorb from the methane eorption 
sites and diffuse to the deats. Onoe within the deal system, the methane flows to 
a production well where it is recovered. The reservoir pressure continually 
1 5 decreases over time as methane is recovered from the coal seam. Also, the 
methane recovery rate tends to decrease over time as methane is recovered from 
the seam. 

As discussed earlier, the carbonaceous matrix shrinks as methane is 
removed from the coal seam. This shrinkage will lower the stress within the coal 

20 seam arKj if the shrinkage is uneven may cause cracking within the coal seam. 
Also, it is beKeved that as the stress within the coal seam is reduced, the formation 
parting pressure of the coal seam is reduced. A reduction in formation parting 
pressure will allow tensile failures to be propagated more easily through the coal 
seam at a tower pressure. It is preferable to reduce the stress within the formation 

25 by a sufficient amount to tower the formation parting pressure by at least 20 
percent prior to cavitating the coal seam; more preferably by at least 50 percent: 
and most preferably by at least 70 percent 

FIG. 1 is a graph of the failure envelope for a typical San Juan Basin coal 
Shear stress is represented on the y-axis and effective normal stress is 

3 0 represented on the x-axis. The effecttve stresses are simply the stresses present 
within the coat minus the pore pressure (Pp) presem within the coal. The 
cohesion strength of the coal seam can be determined from the point at which the 
lower bound of the failure envelope crosses the y-axis. The k>wer bound of the 
failurs envelope is described by two lines 21 and 23. Lines 21 and 23 are used to 

35 describe the failure envelope due to the uncertainty in determining the tower 
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bound Of ttofallunisnrvelope. Coals •ubjeetod to strosMS which plaoo thorn tt or 
obovo tho lowor bound of the failuro onvolopo art prono to failura. Also 
dispiayod on FIG. 1 are two Mohr drdes 25 and 27 which graphically depict the 
stresses acting on the carbonaceous material of the ooal eaam. The irst circle 25 
5 depicts the stresses which act on the carbonaceous material of the coal seam 
before methane has k>een recovered from the ooal saam. The second drde 27 
depictt the stresses which act on the carbonaceous material of the coal seam 
alter the reservoir pressure has been reduced by 3,578,370 Pascals (Pa). 

For Mohr circles, the right foot-point corresponds to affectiye overburden 

1 0 stress. SyPp. The left foot-points of the Mohr drdes corresponds to effective 
minimum horizontal stress, Smin-Pp. As methane is removed from the coal seam, 
reservoir pressure and pore pressure are decreased. Therefore, since the 
overburden stress is not changing, the right foot-point 29 of Mohr drde 27 is 
shifted to the right compared to the right foot-pdnt 31 of Mohr drde 25. The left 

1 5 foot-pdnt 33 of Mohr drde 27 is beieved to be shifted to the left compared to the 
left foot-point 35 of Mohr drde 25 because the minimum horizontal stress is 
reduced by the matrix shrinkage which occurs within the carbonaceous material 
as methane is desorbed from the matrix, and because for most coals the effective 
minimum horizontal stress will be reduced more by the shrinlcage than it is 

20 increased by the decrease in pore pressure, as methane is desorbed from the 
matrix. As can be seen from FIG. 1. as methane is desorbed and pore pressure is 
reduced, a Mohr drde which rapresents the stresses acting on the ooal moves 
dosar to the failure envelope of the coal. This is represented on RG. 1 by Mohr 
drde 27 being shifted up toward the failure envelope 21 as compared to Mohr 

25 drde 25. Failure is likely to occur once the Itohr drde touches or intersects the 
faikire envetope. Even if the Mohr drde is dose to the failure envelope but 
doesnl touch or intersed the faihire anvelope, the additional rapid change in 
pressure which occurs within the ooal seam during cavitation and the stresses this 
change creates can cause failure within the coal seam. 

30 The effective minimum horizontal stress can be approximated from the 

wellbore pressure measurad at shut-in of the welibore during fracturing of the 
coal. The approximation becomes more accurate as the fracture produced 
becomes smaller. Therefore, minlfrac tests, which are known to one of ordinary 
skill in the art, are believed to be accurate predictors of effective minimum 

3 5 horizontal stress. 
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As discussad above, when e Mohr circle plotted lor a given coai touchM or 
crosses the tailure envelope, it means that the conditions are such that the coal is 
prone to tailure. In accordance with the current invention, after a aubstantial 
percentaoe of the methane has been removed from the ooal seam, a cavitation 
5 process is used to rapidly change the pressure and exacerbate the failure within 
the coal surrounding the weHbore to create faiiure within the coal seam. 

The relative amount of carbon dioxide sorbed to a coal matrix is beieved to 
effect the amount of failure which occurs within a coal seam during the pradioe of 
the current invention. It is t>elieved the greater the matrix shrinicage which oocurs 

10 for a given reservoir pressure reduction and thereby pore pressure reduction^ the 
higher tt>e chance of tailure occurring within the coal seam during the pradioe of 
the invention. Coal which contains carbon dioxide soibed to the matrix wiU axMWt 
greater matrix shhnicage during the removal of gases from the coal than coal 
which does not contain carbon dioxide. 

1 5 Turning now to FIG. 2, the lower edge of the failure anvelope is bounded by 

lines 37 and 36. Unas 37 and 38 are plotted due to the uncertainty of determining 
the lower edge of the failure anvelope. As discussed earlier, coals which are 
subjected to stresses which place them at or above the lower bound of the failure 
envelope are prone to failure. Mohr circle 39 graphically depicts the stresses 

20 acting on a coal which comains a known quamity of original gas^n-place and a 
known initial pressure. Mohr circle 40 graphically depictt the stresses which wiU 
result within the coal if 100 percent by volume methane is withdrawn from the coal 
to reduce the pressure by 1,034.214 Pa. Mohr circle 41 graphically depicts the 
stresses which wiU result within the coai if an effluent is withdrawn from the coai 

25 which contains 90 percent by volume methane and 10 percent by volume carbon 
dioxide to reduce the pressure acting on the coal by 1.034.214 Pa. As can be 
seen from FIG. 2. for a given reduction in pore pressure, a coal seam which 
contains carbon dioxkte and methane will be nDore prone to failure by pore 
pressure cracking than a ooal seam which experiences a similar pore pressure 

30 reduction but which contains less cart>on dioxide sorbed to the matrix. Therefore, 
when choosing wellbores to cavitate using the current invention, it is preferable to 
choose wells which are producing an effluent which comains greater than fhw 
peroem tsy volume carbon dioxkle; more preferably, greater than nine percent by 
volume carbon dioxide, most preferably greater than ten percent by volume 

35 carbon dioxide. This preference for wells that produce an effluent containing 
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carbon dibxidt is applicable to wallboras that art being producad using primary 
dapMion tachniquas and anhanoad coalbad methane recovery techniques which 
utifize inert gases such as nitrogen. 

The percemage of original methaneHn-ptace which remains within a coal 
5 seam is reiated to the isotherm for the coal and the change in reservoir pressure 
which has occurred since methane recovery was initiated. It has been found that 
before a well is atimulated in accordance with the invention, the reaervoir 
pressure near the well should be preferably reduced to from 20 to 60 percent of 
the initial reservoir pressure wtiich existed prior to methane being recovered from 

1 0 the coal seam; more preferably, from 30 to 75 percent of the initial reservoir 
pressure; and most preferably, from 36 to 59 percent of the initial reaervoir 
pressure. This reduction in pressure and the associated recovery of methane 
from the coal seam will fadlltate failure within the coat aeam during cavitation of 
the coal seam surrounding the welbore. 

15 As discussed earler. it is believed that the cohesion strength of the coal 

seam may be reduced by the removal of methane from the coat seam. This 
reduction in cohesion strength as it occurs, will result in the failure envelope 
moving toward to the Mohr drde. theret»y making the carbonaceous material 
more prone to failure during the practice of the invention. 

20 A discussion of a method which may be utilized to determine a failure 

envelope for coal is contained in "Experimental Observations of Hydraulic 
Fractura Propagation Through Coal Blocks', SPE 21269, by H. H. Abass et al., a 
paper presented at the Society of Petroleum Engineers Eastern Regional 
Meeting. Cokjmbus. Ohio. October 31 through November 2. 1990. 

25 It has been determined that the current invention is most effective when 

utilized on wells which have been producing greater than 2.8 thousand standard 
cubic meters of methane per day (MCMO) In the momhs prior to cavitation in 
acconiance with the invention; preferably, greater than 14.2 MCMD; more 
preferably, greater than 28 thousand standard cubic meters of methane per day; 

30 and most preferably, greater than 56.6 MCMD. 

Another method which can be useful for desorbing methane from a coal 
seam utilizes the injection of a desorbing fluid, such as nitrogen, into a solid 
carbonaceous subterranean formation to enhance the recovery of methane from 
the formation. Such a method is described in U. S. Patent Number 5,014.785 to 

35 Puri.etal. 
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Tb0 iniwtion of a desorbing fluid into tho coal Mam wiU lowor tho partial 
prassuri of mathana within the cleats of the coal seam and thervby cause 
methane to be desorbed from the ooal seam. The desorbed methane wiH trsvel to 
a production weH where it can be recovered. Studies have ahown that one 
5 nitrogen molecule can sorb to the matrix for about every 2 to 2.5 methane 
molecules that desorb from the matrix. Therefore, the coal matrix will shrink as 
nitrogen displaces methane from the coal. It is believed a desorbing fluid, which 
contains components which will tend to swell the matrix, will atlB cause the matrix 
to shrink overall H the percentage of components that sweH the matra is not too 
1 0 large. 

H is befeved that the shrinkage that occurs, as a rasul of nitrogen injeGllon. 
will fablctale the faibre of the coal for reasons which are similar to those fated 
above for the recovery of methane by primary pressure deptet»n. AddittonaHy. it 
is befieved that methane recovery by the oijectton of desorbing fluU may change 

15 the material properties of the coal more than methane recovery by primary 
pressure depletk>n. This may result because of the drying of the ooal which can 
result from the injection of desorbing fluid into the ooal seam. Specifically. It is 
believed that the cohesion strength of the coal will be reduced. The tower 
cohesion strength which results, should make the coal more prone to failure 

2 0 during the practice of the current invention. 

As with primary depletion, a substantial percentage of the original 
methane-in-place should be recovered from the coal seam prior to cavitating the 
coal seam surrounding the wellbore. Preferably, between 2 to 70 percent of the 
original methane-in-place available to the wellbore should t>e desorbed and 

25 removed from the coal seam surrounding the wellbore; more preferably, between 
30 to 70 percent of the original methane in place; most preferably, l>etween 30 to 
50 percent 

By recovering a larger percentage of the original methane-in-place than 
was recovered using primary depletion, the benefits of the nitrogen injection and 
30 the increased recovery rate which results from the stimulation of the coal seam 
have been fully utilized. 

A third method which can be useful for desorbing methane from a coal 
seam utilizes the injection of a desorbing flukl. which contains at least fifty percent 
by vohjme carbon dioxide, into the coal seam. 
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It is b0i«v«d that coal aoams which hav9 undergono onhanoad raoovary 

using carbon dioxida containing fluids ara also llcaty to hava had thair matariai 
propartlas altarad SpadficaUy. it Is balavad that tha cohasion atrangth of tha 
coal may ba markadly raducad. This radudion in tha cohasion strangth will m*a 
5 it aaaiar to craata tanaila and ahaar failura witMn a coal aaam during tha pradica 
of tha currant Invantion aa airaady discusaad abova. Also, fluids which contain 
carbon dioxida tand to causa carbonacaous matarials. such as coal, to awati as 
mathana is dasorbad from tha matrix and carbon dioxida is soibad to tha matrix. 
This awaiting may ba unavan and tharafora may causa cracidng within tha ooal. 

10 As with anhancad racovary uaing nitrogan. whan carbon tfoxida 

oomaintng fluids ara utilizad to raoovar mathana, k is prafarabia to raoovar Irom 2 
to 70 paroant of tha original mathanaHn*ptaca avaiiabia to tha walbora prior to 
cavitating the coal aaam aurrounding tha wallbora in aceordanca with tha currant 
invantion: mora prafarably. from 30 to 70 paroant of tha original mathana-in- 

1 5 place; most prafarably. from 30 to 50 pan:ant of tha original mathana-in-plan. 

Since cartwn dioxide causes the cart)onaoeous matrix of coal to 6wail« it is 
preferable to desorb aome of tha carbon doxide from tha ooal prior to cavitating 
the coal aaam surrounding tha walbora. This can ba affactivety done by raiiaving 
the pressure within tha coal aaam through tha waltbora. It is believed that the 

20 pressure, preferably, should be relieved at a rate essentially equivalent to the 
maximum flow rate permitted by the welibore and wellbore equipment It should 
be noted that the wellbore and wellbore equipment utilized to carry out the 
invantion may provide a higher fluid flow rate than that achievable when the 
wellbore is configured to send gas to commerciat sales. By desorbrng some of 

25 the cart>on dioxide from the coal surrounding the wellbore. the amount of swelling 
caused by the carbon doxide can be reduced. It is beieved that this wilt assist In 
creating failure within the coal seam during the practiee of the invention. 
Additionally, uneven ahrinltage is believed to occur within the carbonaceous 
matrix of the coal seam as carbon dioxide is desort)ed from the matrix. This 

30 uneven shrinicing may cause cradcing within the matrix which will make it easier 
to create tensile and shear failure within the coal seam during the cavitation of the 
ooal seam surroundng tha wellbore. 
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Thfi Wellbpm and Cavitatten of thft rx^n\ Seam Surmtifwinft tha wnnrff tm 
In one aspect of the invention, the wellbore which is capitated aftar a 
subdantial peroentage of the original methane-^-ptace has been recovered, is 
the same wellbore which was originally completed Into the methane producing 
5 ooai interval. *Same weUbore* means that the wellbore has not been sidetradwd 
or redr^Ued a! a nearby location. The cost effectiveness of the Irrvention is greatly 
enhanced by using the same wellbore. It is also beieved that in most 
brcumstances, the highest methane recovery rate can be achieved by using the 
same wellbore. 

1 0 In another aspect of the invention, the wellbore which is cavttated after a 

substantial percentage of the ohginai methane is recovered from the etam 
may be a sidetracked weUbore or may be a newly drilled wel which is doeely 
located to the original wellbore. This may be done when It is i m pf siff»i^%^ ^ |o use 
the original weUbore. For example, if the formation directly adjacent to the original 

1 5 wellbore was greatly damaged by the ohginai completion technique used. It 
would be preferable to sidetradc to craate a new wellbore in the region of the coal 
seam or to drill a new well. Even if a new well or a sidetradced wellbore is 
utilized, it is beyeved that the weUbore should be located dose enough to the 
ohginai wellbore so that a substantial percentage of the ohginai methane-in-place 

2 0 wilt have been recovered from the region of the coal seam which is to be drained 

by the new wellbore. 

The cavitation may be accomplished by a variety of methods. For example, 
the cavitation can be effected by introducing a gaseous fluid, such as air, nitrogen, 
flue gas. or carbon dioxide into the coal seam in a series of injection/blov^wn 
25 cycles which will tend to destatMlize the coal seam and cause carbonaceous 
material to t>e released into the wellbore duhng blowdown. AddHional shear 
failure will occur within the coal seam during blowdown. The failure will usually 
result in increased permeability within the formation adjacent tt>e wellbore. The 
increase in permeability is believed to be greatest next to the weUbore and will 

3 0 taper off as one gets fanher away from the wellbore. In an alternative method for 

cavitating the coal seam surrounding the wellbore. the wellbore is shut-in to altow 
the pressure within the weUbore to build-up. Once the wellbore pressure has 
reached a desired level, the wellbore is allowed to blowdown to the surface with 
minimal restriction. The differential pressure which is created during this type of 
35 blowdown will also cause shear failure within the coal seam. In general both 
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injoction^towdown cycles and w#Ubor« shut-ins art utlUzsd in a typical cavitation 
prooadurs utilized by the current invention. 

In another method which can be utilized to cavitate the ooaJ seam, a first 
fluid, which sorbs to the coal, is introduced into the coal seam and attowed to sorb 
5 to the coal prior to a second fluid being introduced into the coal seam. The 
second fluid is introduced into the coal seam at a pressure greater than the 
formation parting pressure of the coal seam. After the second fluid is introduced 
into the coal seam, the pressure within the coal seam is reBeved to creats shear 
failure within the coal seam. This procedure can be utilized to cavitate the coal 

1 0 seam sumxindng wellbore intervals completed with cased-hoie techniques and 
open-hole techniques. 

When utilizing injectionyblowdown cydes to cavitate a coal seam 
surrounding the wellbore, the fluid is typically injected for about 2 to 3 hours. As 
fluid is injected, the pressure within the formation increases, rapidly and then 

1 5 begins to level off. tt is beUeved that the leveling off of the pressure during 
injection occurs as the formation parting pressure is reached. It is beieved that 
tensile failure is created within the coal seam as injection is continued at or above 
the formation parting pressure. It is believed that the formation parting pressure 
will be approximately 689,476 to 1.378,951 Pa above the effective minimum 

2 0 hoazontal stress present within the formation. Therefore, as methane is desorbed 
from the coal seam and minimum stress is reduced, the formation parting 
pressure will decrease. It is believed that the minimum stress can be further 
reduced by failure which is induced within the coal seam by each cavitation cycle. 
A reduced formation parting pressure can be advantageous t>ecause less 

2 5 compression is required to cavitate the coal seam. This reduced compression 
requirement should lower the costs associated with cavitating the coal seam 
surrounding the wellbore. 

As discussed eariier, the wellbore is rapidly blown down to reduce the 
pressure within the coal seam surrounding the welbore once the desired quanttty 

30 of fluid has been injected into the formation. It is believed that shear failure is 
created during this blowdown. In order to maximize the shear failure which is 
created within the coal seam, the pressure is relieved at a rate essentially 
equivaiem to the maximum flow-rate permitted by the wellbore and wellbore 
comrol equipment. If desired, the wellbore and wellbore control equipment 

35 utilized during cavitation can be modified to increase the rate of pressure 
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rtduetion which can obtained during blowdown. Typically, tha praaaura within 
tha coal taam aunmnding tha watlbora wItt ba raducad to approximataty tha 
raaarvoir praasura in iaaa than ona mimita. During this tima. tha praaaura within 
tha bottom of tha wslbora will ba raducad to approximataly atmoaphahc praaaura 
5 phis tha hydrostatic praaaura within ths wallbora which laaufts from tha coiumn of 
gas within tha wallbora. Coal finas, wattr. and mathana ara ganarally produosd 
during tha biowdown. Tha blowdown is typically continuad until coal finas ara no 
longar producad. Tha coal finas may oontinua to ba producad for batwaan 
aavaral minutas to savaral days. 

1 0 Pariodically. a flow tast %irhich lasts approximataly 2 hours should ba 

parformad. During tha cavitation procadure. tha mathana flow rata will ganarally 
continua to risa as cavitation is occurring. Tha flow rata, howavar. may vary up or 
down batwaan subsaquant cydas. Bacausa of tha varianoa In tha mathana flow 
rata which nr^ occur batwaan subsaquant cydas. a atabia mathana flow rata is 

1 5 prafsrably dstsmiinad by comparing tha mathana flow ratas from at laast thraa 
consacutfva cydas. 

Tha cavitation is ganarally continuad urttil a stabia cavity Is attainad. Whan 
a stabia cavity is attainad. coal finas should no longar ba producad during tha 
blowdowns or during daan out of tha wallbora or tha amount of finas producad 

20 should be rapidly dacraasing with subsaquant blowdowns. A claan-out of tha 
wallbora can ba accompfishad by drculating fluid through the watlbore. H 
raquirad. a drillbit can also ba rotated within tha wallbora to aid in tha daan out of 
the welltwre. in addition to attaining a stable cavity, it is also praferabia that the 
methane flow rate be stabilized before ceasing to cavitate the coal seam. As 

25 discussed above, a stable methane flow rate should be determined from 
measuring the flow rata from three consecutive cavitation cydes. Praferably. the 
methane flow rate from three consecutive ftow tests should cfiffer no more than 5- 
10 percent from the highest rate to the lowest rate obtained from the three 
consecutive tests: more preferably, no more than 1*5 parcant: most praferably. no 

30 more than 2 paroent. 

Modifications to wallbora and wellbore control aquipmant which can ba 
utilized to cavitate the coal seam surrounding a wellbore ara more fully described 
in SPE 24906, •Qpenhole Cavity Completions in Coalbed Methane Wells in the 
San Juan Basin*, by I. D. Palmer et. al. a paper presented at the 67th Annual 
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Technical Confertnce and Exhibition of the Society of Petroleum Engineers held 
in WashiriBlon. DC October 4-7, 1992. 

Once the cavitation procedure is completed, the twell can be raafigned so 
thai the methane produced can be recovered. Typically* the methane racovered 
5 from the well will be sent to a pipeline. 

gmmom i 

This example shows that ft is possible to more than triple the methane 
recovery rate from a wellbore using the current invention. 

1 0 Referring to FIG. 3, a weBbore was driHed into the fruittarKl formation coals 

of the San Juan Basin of New Mexico. The weObore was initially completed using 
an open^tole cavity completion technique. The initial reservoir pressure near the 
wellbore, More methane was recovered from the wellbore, was approximately 
11.031,611 Pa. During the initial completion, the water production rate was 

1 5 approximately 2000 barrels per day. The high water production rate limited the 
amount of cavitation which could be performed on the well. Once the wellbore 
was completed, It was aligned to recover methane from the formation by primary 
pressure depletion through 6.05 centimeters (cm) diameter tubing. For 
approximately three years, methane was racovered from the wellbore bf primary 

2 0 pressure depletion. During the three year period, approximately 10 percent of the 
original methane-in-place was recovered from the wellbore. After the three year 
period, the wellbore was taken off line and recavitated. During the recavitation. 
the water production rate had decreased substantially, indicating that the coal 
seam surrounding the wellbore had been significantly dewatered. During the 

2 5 recavitation. the reservoir pressure was estimated to be about 6,894,757 Pa. The 
recavitation was continued until a stat>le cavity was attained. Once a stable cavity 
was attained, the wellbore was reaMgned to recover methane from the fonnation 
by primary pressure depletion through 11.43 cm diameter tubing. 

FIG. 3 is a graphical representation of the total gas recovery rate from the 

30 wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 90 percent by volume 
methane and approximately 10 percent by volume carbon dioxide both before 
and after the recavitalion. For months 1 and 2 shown, the average daily total gas 

35 recovery-rate was approximately 127 thousand standard cubic meters per day. 
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Th« wtHborv wu taton off*lins on about tho 17th day ol month thrM and 
thtrafort tha avorage daily total gas recovory rata as depicttd tor month thraa is 
raducad* Tha wadbora was raaUgned to sand gas to tha pipafina on about tha 
15th day of month tour. 
5 As can be aaan from FIG. 3. by month aight tha avaraga daily total gas 

raoovary rata was approxtmataly 495.5 thousand standaid cubic matars par day. 

Ratorring to FIG. 4, a wallbora was driliad into tha fruittand tormation ooais 

10 of tha San Juan Basin of Now Maxioo. Tha watlbora was InHialy oomplatad using 
a casad-hole tachnique. An initial gas-ftow rata tast to tha atmoaphara, wtiich 
producad lass than one percent of the original mathana-in*place. was 
unsatisfactory. A decision was made to sidatradc the original waflbora and to 
eraate an open-hole cavity within the formation before the welibora was put on- 

15 line to sales. The new weilbore was also sidetracked Into the fruitland formation 
coals of the San Juan Basin of New Mexico. The sidetracked weilbore was 
completod using an open-hole cavity completion technique. The initial reservoir 
pressure near the sidetracked weilbore was approximately 7«928,970 Pa. During 
the initial cavity completion, the completion rig was removed from the weilbore 

20 without determining whether a stable cavity was attained. 

Once the sktotracked wettbore was completed, it was aligned to recover 
methane from the formation by primary pressure depletion through 8.05 cm 
diameter tubing. For approximately two years, methane was recovered from the 
weilbore by primary pressure depletion. During the two year period. 

25 approximately 12 percent of the original methane-in-piace was recovered from 
the weilbore. Aftor the two year period, the weilbore was taken off line and 
recavitated. During the recavitatton, the raservotr pressure was astimated to be 
about 4.798.751 Pa. The recavitation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the weltoore was reafigned to 

3 0 recover methane from the tormation by primary pressure depletion through 8.9 cm 
diameter tubing. 

RG. 4 is a graphical representation of the total gas recovery rate from the 
weilbore. The average daily total gas recovery rata is depicted for the calender 
months preceding and following the recavitation of the wellt>ore. The gas 
35 recovered from the weilbore contained approximately 91.5 percent by volume 
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memaM and appronmataly 9.5 percent by volume carbon (Sonde both before 
and after the reoaWtation. For months 1 and 2 shown, the average dally total gas 
recovery-rate was approsmatety 57 thousand standard cubic meters per day. 
The weUbore was taken off-fine on about the 28th day of month three and 
5 therefore the average daily total gas recovery rate as depicted lor month three Is 
reduced. The weUbore was realigned to send gas to the pipeKne on about the 
25th day of the month four. 

As can be seen from PIG. 4. by month eight, the average daily total gas 
recovery rate was approximately 113 thousand standard cubic meters per day 

10 

Referring to FIG. 5, a weUbore was drlled Mo the fniiUand formation ooals 
of the San Juan Basin of New Mexico. The welbore was initially completed using 
an open-hole cavity completion technique. The initial reservoir pressure near the 
1 5 wellbore. before methane was recovered from the wellbore. was approximately 
7.170.547 Pa. During the initial cavity completion, the completion rig was 
removed from the wellbore without determining whether a stable cavity was 
attained. 

Once the weUbore was completed, the wellbore was aligned to recover 

20 methane from the formation by primary pressure depletion through 6.05 cm 
(temeter tubing. For approximately two years, methane was recovered from the 
weUbore by primary pressure depletion. During the two year period. 
approxin>aiely 2 percent of the original metiiane-in-place was recovered from the 
wellbore. After the two year period, the wellbore was taken off line and 

25 recavitated. During the recavitation. the reservoir pressure was estimated to be 
about 5.240,015 Pa. The recavitation was continued until a stable cavity was 
attained. Once a stable cavity was attained, the wellbore was realigned to 
recover methane from the formation by primary pressure depletion through 
7.32 cm diameter tubing. 

3 0 FIG. 5 is a graphical representation of the total gas recovery rate from the 

wellbore. The average daily total gas recovery rate is depicted for the calender 
months precetfng and following the recavitation of the wellbore. The gas 
recoverod from the wellbore contained approximately 91 percent by volume 
methane and approximately 9 percent by volume carbon dioxide both before and 

3 5 after the recavitation. For months 1 and 2 shown, the average daily total gas 
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r»GQvtry*rBl» was tpproxifnat«ly uji to 17 thousand standard cubic motors por 
day. Tho wollboro was takon off-Uno on about tho 23th day of month throo and 
tharsfofs the avorags daily total gas racovary rate as dapictad for month throe is 
roduoad. The wellbore was realigned to send gas to the pipeine on about the 
5 29th day of the month louf . 

As can be seen from HQ. S..by month ten. the average daily total gas 
recovery rate was approximately 34 thousand standard cubic meters per day. 

1 0 Referring to PIG. 6. a wellbore was drilled into the fnjRtand tonnation ooals 

of the San Juan Basin of New Mexico. The wellbore was initially completed using 
an open-hole cavity completion technique. Ones the weBbore was completed. It 
was aigned to recover methane from the formation by primary pressure depletion. 
The wellbore was taken off Ine and recavitated after approximately 4 percent of 

15 the origirial methane-in-place had been recovered from the wellbore. The 
rscavttation was continued until a stable cavity was attained Once a stable cavity 
was attained, the weilbore was realigned to recover methane from the formation 
by primary prsssurs depletion. 

FIG. 6 is a graphical mpresentatton of the total gas reeovery rate from the 

20 wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 91.4 percent by vokime 
methane and appmximately 8.6 percent by volume cartoon dioxkle both befors 
arKi after the recavitation. For months 1 to 3 shown, the average daily total gas 

25 recovery-rate was approximately 79.3 thousand standard cubic meters per day. 
The wellbore was taken off-fine on about the Oth day of month four and therefore 
the average daily total gas recovery rate as depicted for month four is reduced. 
The welbore was realigned to send gas to the pipeine on about the 1 1th day of 
month five. 

30 As can be seen from RG. 6, by month eleven^ the average daily total gas 

recovery rate was approximately 169.9 thousand standard cubic meters per day. 
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Retorring to FIG. 7, a vveObore was drilled into tha fruitland tomiaten tT Mti 
of tha San Juan Basin of Now Mexloo. The weltoore was initially completed using 
an open-hole cavity completion technique. Once the wettbore was completed. It 
5 was aigned to recover methane from the formation by primary pressure depletion. 
The welbore was taken off Ine and recavitated after approximately 19 percent of 
the original methane-in-place had been recovered from the wellbore. The 
recavitation was continued until a stable cavity was attained Once a stat>le cavity 
was attained, the weilbore was realigned to recover methane from the formation 

1 0 by phmary pressure depletion. 

FIG. 7 is a graphical representation of the total gas recovery rate from the 
wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the weHbore. The gas 
recovered from the wellbore contained approximately 90.4 percent by volume 

1 5 methane and approximately 9.6 percent by volume carbon dioxide both before 
and after the recavitation. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximately 70.8 thousand standard cubic meters per day. 
The wellbore was taken off-line on about the 24th day of month three and 
therefore the average dally total gas recovery rate as depicted for month three is 

20 reduced. The wellbore was realigned to send gas to the pipeline on about the 
11th day of month tour. 

As can be aeen from FIG. 7. by month ten, the average daily total gas 
recovery rate was approximately 101.9 thousand standanj cubic meters per day. 

25 Exampfe 6 

Refemng to FKL 8, a wettbore was drilled into the fruitland formation coais 
of the San Juan Basin of New Mexico. The wettbore was Initially completed using 
an open-hole cavity completion technique. Once the weObore was completed. It 
was aligned to recover methane from the formation by primary pressure depletion. 

3 0 The weObore was taken off Bne and recavitated after approximately S percent of 
the original methane-in-place had been recovered from the wellbore. The 
recavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the wellbore was realigned to recover methane from the formation 
by primary pressure depletion. 
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PIG. 8 is a graphical raprasantaten of tha total gas racovary rata from tha 
wallbora. Tha avaraga daity total gas racovary rata Is dapidad for tha calandar 
months praoading and following tha racavitalion of tha wailbora. Tha gas 
raoovarad from tha wailbora eontainad approximataly 91.7 paroant by vokima 
5 mathana and approximataly 8.3 parcant by voiuma carbon dioxida both balora 
and attar tha racavitation. For months 1 to 3 shown, tha avaraga daily total gas 
raoovary-rata was approximataly 116 thousand standard cubic matars par day. 
Tha wailbora was takan off-lina on about tha 12th day of month four and tharafora 
the avaraga daily total gas racovary rata as dapictad for month four is raducad. 
1 0 The wailbora was raafignad to sand gas to tha pipaiina on about tha 12th day of 
the fifth month. 

As can be seen from HG.8. by month eight tha avaraga daily total gas 
racovary rata was approximately 339.8 thouaand standard cubic matars par day. 

15 ggamnift 7 

Referring to FIG. 9, a wailbora was drilled Into the fndtiand formation ooals 
of the San Juan Basin of New Mexico. The wellbore was initially completed using 
an open-hoie cavity completion technique. Once the wellbore was completed, rt 
was aigned to recover methane from the fonnation by primary pressure depletion. 

2 0 The wellbore was taken off line and racavhated after approximately 30 percent of 
the original methane-in*placa had been recovered from the wellbore. The 
racavitation was continued until a stable cavity was attained. Once a stable cavity 
was attained, the weQbore was raafignad to recover methane from the fonnation 
by phmary pressure depletion. 

2 5 FIG. 9 is a graphical representation of the total gas recovery rate from the 

wellbore. The average daily total gas recovery rate is depicted for the calender 
months preceding and following the recavitation of the wellbore. The gas 
recovered from the wellbore contained approximately 87.7 percent by volume 
methane and approximately 12.3 percent by volume carbon dioxide both before 
30 and after the recavitation. For months 1 and 2 shown, the average daily total gas 
recovery-rate was approximately 175.6 thousand starxlard cubic matars per day. 
The wellbore was taken off-line on about the 12th day of month three and 
therefore the average daily total gas recovery rate as depicted for month three is 
reduced. The wellbore was realigned to send gas to the pipefine on about the Bth 

3 5 day of month four 
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As can be seen from FIG. 9, by month six, ths avsrags daily totil gss 
rscovtry rsis was appfoximoisty 339.8 thousand standaid cubic motors par day. 

From tht torogoing dsscription, it will bs obssrvad that numarous 
variations, ahamativas and modifications ¥viU ba apparant to thosa skiUad in tha 
5 art Aooortf ngty. this dascription is to ba oonstniad as ittustrativa only and is for 
tha purpose of teaching thosa akiUed in tha art tha manner of carrying out the 
invention. Various changes may be made and materials may be substituted for 
those descrtt>ed in the application. For example, it is believed that the conditions, 
parameters, and techniques described in the application can be utilized to 
1 0 Increase ttm methane recovery rate from other aoGd carbonaoeous subterranean 
formations, such as antrium. carbonaceous, and devonian shales. Also, it is 
tMlieved that the effectiveness of other stimulation techniques, such as fracture 
stimulation, can be enhanced by establishing the conditions and parameters 
discussed in this application prior to fracture stimulating a sold carbonaceous 
1 5 subterranean formation, auch as a ooal seam. 

Thus, it will be appreciated that various modifications, alternatives, 
variations, etc., may be made without departing from the spirit and scope of the 
invention as defined in the appended daims. It is, of course, intended that all 
such modifications are covered by the appended claims. 
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WE CLAM: 

1. A method for incroasirtg the methane recovery rate from production 
well which penetrates a coal eeam, the method comprising the etepe of: 

a) reoovering from about 2 to 70 percent of the ohginal methane- 
5 in-plaoe from the coal eeam; and thereafter 

b) cavitating the coal seam surrounding a wellbore of the 
production well. 

2. The method of Claim 1, wherein from about 7 to 50 peroem of the 
ortginal methane-tot-piaoe is recovered in step a). 

10 3. The method of Claim 1. wherein from about 15 to 30 peroem of the 

original methane-in-place is recovered in step a). 

4. The method of Claim 1, wherein the recovery of methane from the 
coal seam is lacitttated by the injection of a fluid containing nitrogen into the coal 
eeam. 

IS 5. The method of Claim 4. whersin from about 30 to 50 pensent of the 

original methaneHn«place is recovered in step a). 

6. The method of Claim 1 . wherein the step of cavitating the ooaJ seam 
surrounding the wellbore comprises: 

ba) introducing a fluid into the coal seam at a pressure above the 

2 0 reservoir pressure of the coal seam; 

l>b) relieving the pressure within the coai seam to pnxJuce shear 
failure within the coal seam; and 

be) repeating steps ba) and bb). 

7. The method of Claim 6, wherein steps ba) and bb) are repeated until 
25 a stable cavity is attained. 

8. The method of Claim 6. further comprising: 

bd) measuring a methane fiow«rate through the wellbore 
subsequent to relieving the pressure of step bb); and 

be) ceasing to repeat steps ba) and bb) when the rate of change 
30 of the methane flow-rate through the wellbore measured in step bd) from 

three consecutive flow tests differ no more than 5-10 percent from the 
highest rate to the lowest rate from the three consecutive cydes. 

9. The method of Claim 6, wherein the fluid introduced in step ba) is 
introduced into the coal seam at a pressure above the parting prsssure of the coal 

3 5 seam. 
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10. Th« mtthod of Cialfn 1, whortin tttp b) eomprtsM: 

te) shutting in tht weHbort to cauM tho prMturo within tho eoal 
•Mm surrounding ths wtUbors to incrosss; and thorsidtsr 

bb) rolioving ths prsssurt wHhin ths comi ssam through the 
5 wslibors H a rats ssssntially squivalsnt to a maximum flow rats psrmittsd 

bf ths woUbors and wsllbors squipmsnt 

11. Thsmsthodof Claim 1, whsrsinths wsllboraof stspb) isoMlsdby 
sidstracking ths original wsllbors ussd to rscovsr msthans in stsp a). 

12. A mathod for rscovsring msthans from a coal aaam, ths msthod 
10 comprising ths stsps^ 

a) craating a wsllbors which comprisas an opsn-hols cavity 
within ths ooai soam; 

b) focovsring msthans through ths wsKkks at an avorags daily 
rscovsry rats of at least 14.2 thousand standard cubic metsrs of msthans 

15 par day; thereafter 

c) cavHating the coal seam surrouncSng the wellbore: and 

d) recovering methane through the weSbore at at least 1 .5 times 
the methane recovery rats of stsp b). 

13. Ths method of Claim 12, wherein the methane is recovered in stsp 
20 d) at at least 3 times the methane recovery rate ot stsp b) 

14. The method of Claim 12, wherein the average daily methans 
recovery rats of step b) is at least 28.3 thousand standard cubic meters per day. 

15. The method of Claim 14. further comprising rscovsring from about 7 
to 50 psrcsnt of the original methane-in-placs prior to step c). 

25 16. The method of Claim 14, further comprising recovering from about 

15 to X percent of the original methane-in-place prior to step c). 

17. The method of Claim 12. wherein the average daily methane 
recovery rate of stsp b) is at Isast 26.3 thousand standard cubic meters per day 
and ths methane recovery rate of stsp d) is at least 3 times ths msthans recovery 

30 rats of stsp b). 

18. Ths method of Claim 12. furthsr comprising recovering from about 2 
to 70 peroem of the original methane-ln-place prior to performing stsp c). 

1 9. Ths method of Claim 1 2. wherein step c) comprises: 

ca) introducing a fluid into the coal ssam at a pressure above the 
3 5 rsssrvoir prsssurs of ths coal ssam; 
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cb) relieving tho pressure within ttie coal seam to produce shear 
tailure within the coal seam; and 

oc) repeating steps ca) and cb). 

20. The method of Claim 19. wherein the steps ca) and cb) are repeated 
5 until a stable cavity is attained. 

21 . A method for increasing the methane recovery rate from a wettbore 
which penetrates a coal seam, the method comprising the steps of: 

a) recovering a sufricient quantity of an effluent, comaining 
methane, through the wellbore to reduce the resen^ir pressure within the 

1 0 coal seam near the wellbore to about 30 to 75 percem of the initial 

reservoir pressure; and thereafter 

b) cavitating the coal seam surrounding the wellbore. 

22. The method of Claim 21 , wherein the effluent recovered in step a) 
contains at least about 5 volume percem cartoon dioxide. 

1 5 23. The method of Claim 21. wherein the effiuem recovered in step a) 

contains at least about 10 volume percem carbon dioxide. 

24. The method of Claim 22. further comprising: 

c) measuring a methane flow-rate through tfie wellbore between 
selected individual cavitation cydes: 

20 d) repeating step c); and 

e) ceasing to cavHate the coal seam sun^unding the wellbore 
when the rate of change of the methane ftow-rate through the wellbore 
measured in step c) from three consecutive flow tests differ no more than 5* 
10 percent from the highest rate to the lowest rate from the three 

2 5 consecutive cycles. 

25. The method of Claim 21 , further comprising: 

c) measuring a methane flow*rate through the wellbore between 
seleoed individual cavitation cycles: 

d) repeating step c); and 

30 ceasing to cavitate the coal seam surrounding the wellbore 

when a stable cavity is attained and when the rate of change of the 
methane flow-rale through the wellbore measured in step c) from three 
consecutive flow tests differ no more than 5-10 percent from the highest 
rate to the lowest rate from the three consecutive cydes. 

35 
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